The goal of this research is to use polymer phase separation to create biocompatible, biodegradable, and sustainable fibers that are hydrophilic yet non-water soluble by electrospinning from homogeneous solutions. Currently, fiber-forming polymeric materials are largely hydrophobic or water-soluble, which limits their usefulness in biological system applications and in aqueous environments. In this study, Poly(lactic acid)(PLA) and block copolymers: PLA-b-Poly(ethylene glycol) (PLA-b-PEG), were co-dissolved in dimethylformamide (DMF) and electrospun into nanofibers. PLA and PEG have minimal miscibility and will phase separate. The influence of PLA-b-PEG block lengths and block length ratios on the total quantity of PEG that could be incorporated into the fibers, the morphology and phases formed in the fiber and the hydrophilicty of non-woven fabrics was investigated. Swelling test prove that with the addition of PEG or PLA-b-PEG to PLA, fibers were non-water soluble. With increasing content of PEG from PLA-b-PEG, water wicking is increased until rheological affects dominate. As PEG chain length is increased, the amount of water wicked increases. The amount of water wicked was a combination of PEG wt% and block length. With increasing wt% PEG and block length, the amount of PEG reaching the fiber surface was found to increase thus resulting in greater wicking ability.
The research reported here strives to determine the optimum proportions and block lengths of PLA-b-PEG necessary to maximize migration of PEG to the electrospun fiber surface and hydrophilicity of the resulting nonwoven fabrics. By integrating the PLA with the PLA-b-PEG this study seeks to create a hydrophilic, yet non-water soluble fiber.
Electrospinning is the application of a high electric field to overcome the surface tension of a polymer solution that produces nano to micro scaled fibers on a grounded collector. [3] Over the past decade, many modifications have been made to the basic electrospinning system to achieve specific structures or increase throughput. The electrospinning apparatus used in this research is shown in Figure 1 . A temperature controlled heating chamber was added to house the syringe.
Additionally, a heating gun was incorporated to keep the needle tip at an elevated temperature necessary for electrospinning. Other modifications include coaxial spinning to achieve sheath/core structures and needle-less electrospinning for higher throughput. Coaxial electrospinning is a technique implemented to produce nano to micro scaled sheath/core fibers [37] [38] [39] [40] . This technique requires two polymer solutions, two syringes, and an electric field as shown in Figure 2. [38] Having two syringes requires the flow rates to be controlled separately.
[38] The core and sheath used in this technique requires immiscibility of the two polymer solutions. [39] The coaxial electrospinning technique is very sensitive to the position of 41] Due to these limitations, the research reported here will focus on achieving combined properties of two polymers using one spinning. Several different methods employed have been employed for scaling up the electrospinning such as multiplexing to spin numerous jets from multiple needles, and producing multiple jets directly from the surface of a polymer solution without needles; needle-less electrospinning. [42] [43] [44] [45] Three main requirements should be considered to scale up the electrospinning process using numerous jets from multiple needles: the type of needles, the number of needles, and the position of the needles relative to one another. [42] These parameters must be considered so that the jets from the multiple needles do not interfere with one another. [42] [43] [44] A limitation to this scale-up electrospinning process is that it depends on the electrospun solutions, therefore if the solutions were changed, the three parameters would have to be re-determined for the new solution. [42] When considering multiple jets from a needle-less electrospinning apparatus, electric and magnetic fields are employed. This is a two layer system that drives polymer solutions with a lower magnetic field to the outer layer with an applied electric field to create nanofibers. [42, 46, 47] This technique has demonstrated greater productivity and clogging issues are prevented, which is commonly experienced with the traditional method of electrospinning with a needle. [42, 45] It is important to know that these scale-up methods are available; however they are The nanofibers formed in this study have an increasing concentration of the hydrophilic polymer, PEG from the center of the fiber to the surface which is to aid in the desired surface properties as shown in Figure 5 . By achieving this phase separation, the properties of the PEG can be exploited due to the hydroxyl end groups of PEG that can allow for covalent attachment with other molecules. [53] Therefore this research seeks to use the single step thermodynamically driven phase separation that occurs during electrospinning to create a fiber with a different composition at the surface than at the core. Thermodynamics generally dictates the structure of polymers because the structure's mode of growth is dependent on phase separation. [54, 55] To achieve the desired polymer structure however, multiple steps are usually taken which can take hours to complete. Typically to arrive at a specific structure, such as the lamellar, the copolymer must be cast into a film, dried at room temperature, dried under vacuum, quenched, and heated. [56] In the case of electrospinning form a dilute solution via a charged elongating jet, the rapid evaporation of the solvent, is thought to result in the desired structure in a matter of milliseconds.
When adding PEG to PLA in the form of a copolymer PLA-b-PEG, PEG block lengths affect a number of properties regarding the electropun fibers. Such properties include the total amount of PEG allowable in the fiber, spinnability, and morphology. Four block copolymers were used in combination with homopolymer PLA. Homopolymer PEG(6000) was also spun in combination with homopolymer PLA. It is thought that with larger PEG block lengths with a higher wt% in solution the solution may fail to electrospin.
[33] The smaller PEG block lengths then are expected to allow for more PLA-b-PEG to be used within the solutions. Solutions with higher PEG block lengths that electrospun into nanofibers are expected to have higher water uptake as shown by Hendrick et al.
[33] Therefore from the polymeric solutions being made, it is expected that the wettability will increase with increasing PEG block length, and increasing PEG homopolymer.
II. Materials
Needle Deflect point 20gx2inches bought from Fisher Scientific Company LLC (Suwanee, GA).
Copolymers PLA ( 
III. Methods

i. Electrospinning
Electrospinning solutions of 22wt% PLA (total PLA wt% that includes both homopolymer and 
ii. Scanning Electron Microscopy (SEM)
SEM imaging was used to verify that the PLA/PLA-b-PEG nanofibers have the same morphology as the PLA fibers. The samples were sputter coated with gold-palladium, and imaged on a LEICA 440 SEM using a 10kV accelerating voltage. The average diameters of the fibers were determined by evaluating the SEM images using ImageJ™ software. For each different fiber spun, twenty-five measurements from two separate images were taken, totaling fifty measurements per sample.
iii. Differential Scanning Calorimetry (DSC)
DSC Q2000 was employed to determine the effects of PEG on the overall fiber properties. The glass transition, melting, and crystallization temperatures were characterized with this technique.
The PLA(1000)-b-PEG(10000) was run from 32°C to 190°Cat an increase of 5°C/min. After seeing some of the results from the PLA(1000)-b-PEG(10000) the starting temperature was changed to 5°C . This was done to better see the glass transition temperature. The rate of temperature increase and ending temperatures were kept the same. A heat-cool-heat method was used for 10wt% PEG from PEG(6000), PLA(1000)-PEG(5000), and PLA(1000)-PEG(10000).
These tests were done on leftover samples that were previously made, so repeats were not performed for the heat-cool-heat method. The samples were heated from 5°C to 180°C at a rate of 5°C/min, cooled to 5°C at a rate of 2°C/min, and re-heated at a rate of 5°C/min.
iv. X-Ray Photoelectron Spectroscopy (XPS)
XPS was be used to analyze PLA(2200)-b-PEG(5000) with nitrogen attached to the end of the PEG. The amount of PEG migrating to the surface of the fibers was thought to be more quantifiable due to the addition of nitrogen. This data was collected by Jon Shu at the Cornell Center for Materials Research.
v. Fourier transform infrared spectroscopy(FTIR)
FTIR analysis was performed to determine if -N3 was present in the PLA(2200)-b-PEG(5000)- 
vii. Swell Test
Electrospun samples of 0wt%PEG and of 10wt% PEG from PEG(6000),PLA(1000)-b-PEG(5000), PLA(1000)-b-PEG(1000) were left in a desiccator for 6-7 days prior to being cut into 1cmx1cm squares. The samples were individually placed in DI water, pushed down into the water with tweezers, and then allowed to float to the top. Each sample was kept in the water for ten minutes. The non-woven samples were then re-measured with a ruler, and later SEM images were taken to determine the effect of water on the fibers.
viii. Wettability in Water
Nanofibers were electrospun onto copper plates as wettability samples to investigate their water wicking rate. Each sample was cut into 3 cm x ½ cm fabrics. The samples were weighed and then a fishhook was put through the nonwoven fabric to ensure the fabric went through the water meniscus. Wettability testing was done using the KSV Sigma 701 in DI water. The experimental set up is shown in Figure 7 . Each sample was run for a ten minute time interval. 
IV. Statistical Analysis
At least five samples of each composition were tested for wettability. Two different electrospun samples were tested for DSC analysis to confirm that the trend was reproducible (this was true for all samples except the 16wt%PEG from PLA(1000)-b-PEG(10000) due to shortage of sample). T-Tests were performed for SEM diameters and wettability results.
V. Results & Discussion
i. SEM & ImageJ™
SEM images were taken to compare 0, 4, 5, and 6wt% PEG from PLA (5000)-b-PEG(1000).
The images are shown in Figure 8 A-D. The fiber with no PEG has a smooth morphology with no beading; however it has the largest fiber diameter. At 6wt% PEG beading is observed. As the PEG is increased the fibers become smaller in diameter, however the morphology begins to change resulting in flat and beady fibers. Again, the fiber with no PEG has a smooth morphology with no beading; however it has the largest fiber diameter. As the PEG is increased, for all copolymers, the fibers become elecrospun with no beads at 5wt% PEG. Therefore, proceeding comparisons where greater than 5wt% PEG was used, PLA(5000)-b-PEG(1000) will be neglected. With 12, 14, and 16wt% PEG from PLA(1000)-b-PEG(10000) in the final fiber, SEM images demonstrate that although uniform fibers were formed, other areas within the mat contained non-uniform fibers as shown in Figure 13 . 
iii. XPS & FTIR
The functional groups on 12wt% PEG from PLA(2200)-b-PEG(5000)-N3 were observed using XPS analysis in attempt to quantify the amount of PEG migrating to the fiber surface.
Unfortunately the XPS results shown in Figure 18 show no difference between the control PLA fibers and the PLA(2200)-b-PEG(5000)-N3. To ensure the polymers received had nitrogen in it, FTIR analysis was done. The two major peaks observed were the C=O vibrations at approximately 1750cm -1 and C-H vibrations at approximately 2850cm -1 . The C-H vibrations were greater in the powder sample than in the electrospun samples. There were no significant differences between samples, and the -N3 peak
was not present as it should have been located at 2075 cm -1 . [66] It is thought that the polymer may have been old, thus a degradation of the -N3 peak may have occurred, or that there was potentially no -N3 ever added into the copolymer. FTIR results are shown in Figure 19 . A comparison of the results is shown in Figure 21 where there appears to be a plateau after 10wt% PEG from PLA(1000)-b-PEG(5000). Comparing with data collected from DSC, at 10wt%PEG from PLA(1000)-b-PEG(5000) began to phase separate, which is consistent with when the plateau in the Tof-SIMS data begins. This is therefore an indication of when PEG is beginning to phase separate. 12wt% PEG from PEG(6000) and PEG(1000)-PEG(5000) were determined to be outliers, and may be the result of the small sampling area of the non-woven mat. 
v. Swelling Comparisons
Fiber fabrics did not change in dimension before and after swelling, remaining 1cm x 1cm, thus confirming the fiber is non-water soluble with the addition of the copolymer PLA-b-PEG.
Although the non-woven mats containing PLA-b-PEG maintained their dimensions, the fibers began to swell. SEM and pictures taken after the nanofibers had been in direct contact with DIwater for ten minutes are shown in Figure 22 . 
vi. Wettability
With the addition of PLA-b-PEG the PLA fibers are becoming more hydrophilic. The wettability of the fibers is a factor of three components: diameter, pore size, and surface chemistry.
[33] M.
Rebovich et al. found that a decrease in diameter leads to a decrease in pore size, which increased the capillary action of the non-woven mat. [6] Larger fiber diameter fibers whose wettability is greater than the smaller diameter fibers can be attributed to more PEG reaching the fiber surface, thereby overcoming the reduced capillary action inherent of larger fibers.
[33] A comparison of the wettability gathered is shown in Figure 24 . ---------------6+,7-89:---------------- When comparing to DSC results, phase separation of the PEG is seen starting at 10wt% PEG for PLA(1000)-PEG(5000). This phase separation corresponds well with the wettability data, where at 10wt% PEG from PLA(1000)-b-PEG(5000) there is a significant increase in water uptake.
10wt%PEG from PLA(1000)-b-PEG(10000) however doesn't phase separate to the surface as much as PLA(1000)-b-PEG(5000) at 10wt% PEG, as indicated by the DSC, wettability , and water swelling results. PEG(6000) and PLA(5000)-b-PEG(1000) showed the least wettability at all PEG loadings. As copolymer block length was increased, there was an increase in fiber wettability. This suggests that the block lengths of PEG and wt% of PEG present are both important factors in driving PEG to the fiber surface. Although PEG is phase separating as determined by previous analysis, wettability confirms PEG is not always going to the fiber surface. 12wt%PEG from PLA(1000)-b-PEG(5000) and 12-14wt%PEG from PLA(1000)-b-PEG(10000) were found to have the greatest wettability and were statistically similar in water uptake.
VI. Conclusions
Additions of up to 16wt% PEG could be incorporated into the fibers by the addition of the heating element and heat gun. With the addition of PLA-b-PEG, fiber diameter decreases significantly when compared to that of the control PLA fibers. This is the result of changing viscosity, and molecular weight. PEG is a plasticizing agent, that increases the crystallizability of PLA. PEG(6000) plasticizes PLA more efficiently than the copolymers, significantly decreasing fiber diameter. For copolymers, as PEG block length increases, there is a decrease in the plasticizers ability, and thus an increase in viscosity. At higher wt% solutions, viscosity visually increases, and PEG is no longer acting as an efficient plasticizer. This results in an increase of fiber diameter. At loadings greater than 10wt% PEG from PLA-b-PEG, phase separation occurs. PLA fibers are not hydrophilic, but with the addition of the block copolymers, the fibers began to show an increase in hydrophilic nature. Although PEG was phase separating as determined by previous analysis, wettability confirms PEG is not always going to the fiber surface. With increasing chain length of PEG water wicking increases. Based on this, future work future work in contamination/disease capture can be done by functionalizing the -OH group of the PEG, or by changing its surface charge.
VIII. Future Work
Cytotoxic drugs are commonly used in the treatment of cancer. These drugs are delivered in a number of ways, but when they are excreted from the body, they end up in ground water supplies, soil, and even sewage treatment plants (STPs).[69-71] This is a major cause of concern because although the cytotoxic drugs help to fight cancer in patients, they have been found to be very cancerous to others at low dosages, and even cause birth defects, and immune dysfunction.
[69, 71] The main problem that exists is that when cytotoxic drugs enter into the Sewage Treatment Plants (STPs), the contamination could go undetected due to a low detection limit and/or low dosages. [70] Therefore, it is important that these drugs be captured.
The PLA/PLA-b-PEG investigated in this research have the potential to be functionalize, and used as nanofiber filters for capture of specific cytotoxic contaminations in water supplies.
Nanofiber membranes are ideal for filtration/capture due to their high surface areas. [72] Fiber surface charge can provide the necessary chemistry for successful filtration/capture of molecules with opposite charge from the fiber. [72] [73] [74] Matlock-Colangelo et al. showed that electrospun fibers could be functionalized and used in microfluidic devices. [73] Here the fibers were used to detect liposomes present within a media. The liposomes were attracted to a fiber with the opposite charge, and repelled the fibers with the same charge as the liposomes. It has been found that by adding nanoscale materials directly to the spinning dope, surface chemistry of the nanofibers could be altered. This could be achieved by the functional group (-OH) of the PEG being either protonated or ionized and the ions of opposite charge being attracted to it. Cho et al.
found that the zeta potential measurements are important in determining the fibers' surface charges [72] which would be responsible for the adhesion of cytotoxic drugs to the nanofibers. 
